The management of rheumatoid arthritis (RA) has undergone an impressive transformation over the past few decades. Further understanding of the pathophysiology of the disease process has resulted in the development of biologic agents that target proinflammatory cytokines and both B and T lymphocytes. By blocking an important costimulatory pathway, abatacept leads to a dramatic reduction in T cell stimulation and proliferation. Multiple clinical trials have revealed consistent benefit with regards to clinical and radiographic efficacy, quality of life, and disability in patients suffering from RA who have had inadequate responses to methotrexate or tumor necrosis factor inhibitors. The possibility of remission when used early in the disease course has also been demonstrated. Importantly, abatacept has been very well tolerated with a low rate of serious infections and no apparent increase in malignancies to date. Continued surveillance of the benefits and risks will help to better define its place amongst the other biologic agents in the treatment of RA.
Introduction to rheumatoid arthritis and the approach to therapy
Rheumatoid arthritis (RA) is a chronic, inflammatory, polyarthritis affecting approximately 1% of adults worldwide. 1, 2 With inadequate treatment, the disease can result in progressive joint damage and disability. 3 The initiation of early therapy with one or more disease-modifying antirheumatic drugs (DMARDs) often leads to clinical improvement in pain, stiffness, and swelling and also slows the progression of structural damage. 4, 5 Studies have revealed that it is actually possible to achieve a state of disease remission, and this has become the goal in the treatment of RA. 6 When DMARDs are started later in the disease course, the prospect of achieving a good response or remission is lower. 7, 8 With this knowledge, rheumatologists have become more aggressive in the management of RA in an attempt to halt ongoing inflammation as soon as possible with the hope of not only improving quality of life and function but also preventing structural damage and long-term disability.
The response to the available nonbiologic DMARDs is variable, and patients often require additional therapy. Methotrexate (MTX), the "anchor drug" of initial treatment, 6 can achieve a state of clinical remission in approximately 20% to 30% of patients when used as monotherapy in early RA but uncommonly in established or advanced disease. [9] [10] [11] [12] Switching from an oral to subcutaneous route of MTX 13 adding additional oral agents including glucocorticoids, [14] [15] [16] [17] or switching to or adding leflunomide 18, 19 may increase the response rate somewhat, but it has become apparent that many patients will eventually require the addition of a biologic DMARD in order to achieve a state of clinical remission and cessation of radiographic progression. The use of these agents has had a dramatic effect on the care of patients with RA and has made remission a realistic goal, especially when started early in the disease course.
The cytokines interleukin-1 (IL-1) and tumor necrosis factor (TNF) are detected in synovial fluid of patients with RA and are prominent inflammatory mediators in the disease process. 20 Anakinra is an IL-1 receptor antagonist that is effective in treating RA [21] [22] [23] [24] but is used infrequently due to the need for daily self-injections and, although no head-to-head studies exist, the perception of inferiority compared with the other biologic agents. 25, 26 Etanercept, infliximab, and adalimumab, which inhibit the action of TNF, are approved by the US Food and Drug Administration (FDA) for the treatment of RA refractory to one or more DMARDs. These agents have consistently improved the clinical and radiographic manifestations of RA. [27] [28] [29] [30] Unfortunately, about one-third of patients will discontinue one of these agents within 12 months due to a lack of efficacy or an adverse event, 31, 32 and only 40% to 60% of patients improve by at least 50%. 33 As reviewed previously, the options for the management of these patients include switching to a different TNF inhibitor (TNFI) or substituting one of the newer biologic agents, rituximab or abatacept. 34 By targeting cells expressing CD20, rituximab effectively depletes peripheral B cells and has been approved for use in combination with MTX for moderately to severely active RA after an inadequate response to at least one TNFI. It is a chimeric monoclonal antibody that is given as a series of 2 intravenous (iv) infusions 2 weeks apart approximately every 6 months. It has proven efficacious with regards to both the clinical and radiographic manifestations of the disease. [35] [36] [37] [38] Abatacept was approved by the FDA in 2005 for the treatment of moderate or severe RA despite an adequate trial of a nonbiologic or biologic DMARD. The European Medicines Agency (EMEA) approved its use only after an inadequate response or intolerance to a TNFI. By blocking an important costimulatory pathway it prevents T cell activation and has demonstrated reliable efficacy and tolerability for patients with refractory disease. This review will focus on the mechanism, pharmacology, efficacy, and safety of abatacept and summarize its role in the management of adult patients with RA.
A Medline search was performed with combinations of the terms "rheumatoid arthritis," "abatacept," "rituximab," "etanercept," "adalimumab," and "infliximab." Additionally, the reference sections from the articles obtained as well as abstracts from the American College of Rheumatology (ACR) and European League Against Rheumatism (EULAR) annual meetings were scanned for pertinent references.
Abatacept mechanism of action
Optimal T cell activation requires two recognized steps. The first involves the presentation of a peptide by an MHC class II molecule on the surface of an activated antigen-presenting cell to a T cell that recognizes that particular peptide. The second step involves a costimulatory signal. The best characterized costimulatory pathway involves the interaction of CD80 and CD86 on the surface of an antigen-presenting cell with CD28 on the surface of most CD4
+ and some CD8 + T cells. When both steps occur, a naïve T cell can then become optimally activated to proliferate and efficiently produce cytokines. When an antigen is presented without a costimulatory signal, the T lymphocyte may become anergic and/or undergo apoptosis.
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Cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) is expressed on the surface of activated T cells. It is structurally homologous to CD28 but actually binds CD80 and CD86 with greater avidity than CD28. By doing so, CTLA-4 effectively blocks the engagement of CD80 and CD86 with CD28 and prevents costimulation and the activation of T lymphocytes. Thus, CTLA-4 acts as a natural down-regulator of T cell activation and avoids overstimulation in the presence of antigen.
Abatacept was developed by fusing the heavy-chain constant region of human IgG1 with the extracellular domain of human CTLA-4. By binding CD80 and CD86 and preventing the interaction of those molecules with CD28 it has been shown to reduce T cell proliferation by at least 95% at concentrations lower than the mean trough levels of patients treated with abatacept. 40 In doing so, this molecule has proven efficacious in animal models of autoimmunity 41, 42 and allograft rejection, 43 juvenile idiopathic arthritis, 44 and, as reviewed below, in reducing the clinical signs, slowing the progression of structural damage, and improving the quality of life and function of adult patients with RA. 
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Abatacept pharmacology and pharmacokinetics
Abatacept is administered as an iv infusion over 30 minutes on days 1, 15, and 29 and then every 4 weeks thereafter. This is more frequent than the other infusible biologic agents, infliximab (every 8 weeks initially) and rituximab (approximately every 6 months), but the duration of each abatacept infusion is typically shorter. The dose is weightbased at approximately 10 mg/kg of the patient's body weight. Patients weighing less than 60 kg receive 500 mg, those between 60 and 100 kg receive 750 mg, and a dose of 1000 mg is given to patients weighing over 100 kg.
The mean serum half-life is 13 days, 45 and serum concentrations reach a steady-state after approximately 60 days. 46 Its clearance does not seem to be affected by sex and age, 47 but the effect of renal or hepatic dysfunction on drug clearance is unknown. 45, 47 There have been no studies with abatacept during pregnancy. It is listed as a category C drug and should therefore be used only if the potential benefit to the mother outweighs the possible fetal risk. It does cross the placenta in animal studies but was not teratogenic in mice, rats, and rabbits at doses up to 29 times the maximum recommended human dose. 46 When given to rats at 11 times the human dose alterations in immune function as well as thyroid and pancreas inflammation occurred in offspring. 46 Abatacept is excreted in rat milk, but it is unknown whether the same is true with humans and whether it is absorbed by the nursing infant.
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Abatacept in clinical trials
In the RA trials involving abatacept (Table 1) , multiple tools are used to assess and report outcomes regarding clinical and radiographic efficacy, quality of life, and physical function. The different methods are reviewed briefly below for readers not familiar with RA studies.
• Clinical efficacy is commonly reported by using the American College of Rheumatology (ACR) criteria which measure the proportion of patients achieving 20%, 50%, and 70% responses. 48, 49 For example, an ACR 20 indicates 20% fewer tender and swollen joints as well as a 20% improvement of 3 of the following: patient's global assessment of disease status, patient's assessment of pain, patient's assessment of function, physician's global assessment of disease status, and either erythrocyte sedimentation rate or C-reactive protein (CRP).
• Disease activity states and improvements in disease activity often utilize the Disease Activity Score (DAS).
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The DAS28 signifies that 28 joints were used in the assessment. Low disease activity states (DAS28  3.2), a state of clinical remission (DAS28  2.6), as well as an assessment of the degree of improvement can be defined using this scoring system. 
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• Radiographic changes in the abatacept trials were reported with the Genant-modified Sharp scoring method, which provides a total score based upon assessment of joint space narrowing and the presence of erosions. 53, 54 • The Short Form-36 (SF-36) is a questionnaire completed by patients to assess health-related quality of life by evaluating 8 different physical and mental components. 55 The scale runs from 0 to 100, with an increase of at least 3 points from baseline being a clinically important improvement. 56, 57 • Improvements in physical function can be measured using the Health Assessment Questionnaire-Disability Index (HAQ-DI), which is made up of 8 subscales of physical disability. 58 On this scale, a score of 0 signifies no disability, and 3 means complete disability. An increase of at least 0.22 units is considered a clinically meaningful improvement.
Abatacept efficacy and safety after an inadequate response to MTX
Pilot study
In 2002 Moreland et al reported a pilot study assessing the safety and efficacy of abatacept. 59 Patients with active RA despite a trial of at least one oral DMARD or etanercept were randomized and treated in a blind fashion with placebo or various doses of abatacept. The study was not powered to detect differences between the groups, but the primary outcome of an ACR 20 response after 85 days was numerically greater in those who received 2 mg/kg and 10 mg/kg (but not 0.5 mg/kg) of abatacept compared with placebo. Adverse event rates were similar with more arthritis flares in the placebo group and more headaches (8.9% vs 3.1%) in the abatacept group.
Phase iib trial
A phase IIb trial was reported by Kremer et al in 2003. 60 It was a double-blind, placebo-controlled study involving 339 patients with active RA despite taking MTX for at least 6 months. Patients were randomized to placebo, abatacept 2 mg/kg, or abatacept 10 mg/kg for 12 months. All patients were also treated with a stable dose of MTX between 10 and 30 mg/week through the first 180 days of the study. Thereafter, the MTX dose could be increased up to 30 mg/week and additional DMARDs could be added based upon the judgment of the investigator. The primary outcome measure was an ACR 20 response after 180 days, with ACR 50 and 70 responses being the secondary outcomes.
The mean duration of disease ranged from 8.9 to 9.7 years and all patients had erosive disease at baseline. After 6 months ACR 20 responses were similar in the placebo and 2 mg/kg groups, but the 10 mg/kg group showed a statistically significant greater ACR 20 response rate compared with placebo (60.0% vs 35.3%, respectively (p  0.001) ( Table 2) . ACR 50 and 70 responses were significantly higher in both abatacept groups. Patients who received 10 mg/kg also had clinically meaningful and statistically significant improvements in total SF-36 scores as well as each of the eight individual subscales. The greatest improvements were seen with regards to physical health, pain, vitality, and social function. The adverse event rates were similar among the groups, and there were no deaths or opportunistic infections during the first 6 months of this study (Table 3 ).
Phase iib 1-year extension study
The 12-month findings were published by Kremer at al in 2005. 61 For the data analysis, those who discontinued therapy due to lack of efficacy were considered nonresponders, and those who withdrew from the study for other reasons had their last observations carried forward.
At 12 months the greater ACR criteria responses with abatacept 10 mg/kg persisted ( Table 2 ). There was no difference, however, between placebo and 2 mg/kg with regards to ACR 20, 50, or 70 responses indicating a lack of efficacy of this lower dose. The benefit in physical function in the 10 mg/kg group also remained greater through 12 months. Baseline modified HAQ (M-HAQ) scores were 1.0 in all groups. A significant improvement was already noted after 30 days, and after 12 months half of patients receiving 10 mg/kg achieved clinically important improvements compared with 28% in the placebo group (p  0.001). Approximately 16% of abatacept-treated patients reported an M-HAQ Abatacept in management of rheumatoid arthritis Dovepress submit your manuscript | www.dovepress.com Dovepress of zero after a year (8% of placebo, p = 0.05). As was seen in the 6-month data, abatacept was well-tolerated with adverse event rates in both dosing groups similar to placebo.
AiM
The 12-month phase III trial, Abatacept in Inadequate responders to Methotrexate (AIM), was published by Kremer et al in 2006. 62 In this double-blind study, 652 patients who had active RA despite at least 3 months of MTX at a dose of 15 mg/week or greater were randomly assigned to receive abatacept 10 mg/kg or placebo iv every 4 weeks. All patients were also treated with a stable dose of at least MTX 15 mg/wk. Between 6 and 12 months, investigators blinded to the treatment group could adjust the dose of MTX, add an additional DMARD, or adjust the prednisone dose up to 10 mg/day as deemed necessary. The primary objective measures were to evaluate, 1) the ACR 20 response at 6 months, 2) the HAQ-DI improvement of 0.3 at 12 months, and 3) the Genant-modified Sharp score at 12 months.
At 6 months, the proportion of patients with an ACR 20 response was significantly higher in the abatacept group (67.9% vs 39.7%). The 12-month data are listed in Table 2 . A post-hoc analysis revealed that the proportion achieving ACR 50 and 70 responses was statistically significantly higher at 12 months than at 6, suggesting that some patients obtained additional benefit even after 6 months. At 6 and 12 months, 14.8% and 23.8%, respectively, of patients treated with abatacept were in remission (DAS28  2.6) compared with 2.8% and 1.9% who received placebo.
Baseline and 12-month radiographic data were available for 92% of the study population. Abatacept-treated patients had significant slowing of radiographic damage, which was approximately 50% of that reported in the placebo group. The mean change from baseline in erosion score, mean jointspace narrowing score, and the total Genant-modified Sharp score for the abatacept and placebo groups were 0.63 vs 1.14, 0.58 vs 1.18, and 1.21 vs 2.32, respectively. The authors note that the amount of progression was rather low and the clinical significance of this degree of change is uncertain and requires long-term observation. A total of 56% of patients on abatacept had no progression compared with 45% in the placebo group. 63 The proportion of patients having a clinically important gain in physical function (HAQ-DI) was greater after receiving 12 months of abatacept (63.7% vs 39.3%, p  0.001). Significant improvements in health-related quality of life (SF-36) were also reported at both 6 and 12 months. All eight physical and mental subscores from the SF-36 showed significantly greater improvements from baseline in the abatacept but not placebo group.
More patients treated with abatacept discontinued therapy because of adverse events (AEs), but the percentages were low (4.8% vs 1.8%) ( Table 3 ). Acute and peri-infusional adverse events were more common in the abatacept group 
AiM 2-year extension study
The results from the open-label, 12-month extension study were published by Kremer et al in 2008. 64 Of the 547 patients completing the first year of the AIM study, 539 entered the open-label extension and received abatacept 10 mg/kg iv every 4 weeks. The efficacy and safety analyses included all patients who received at least 1 dose of abatacept. ACR responses after 2 years were similar regardless of whether patients were initially randomized to placebo or abatacept for the first 12 months. As was observed with ACR 50 and 70 responses between months 6 and 12, the proportion of patients attaining a low disease activity state (LDAS) and remission was greater at 24 months than at 12 months (LDAS: 56.1% vs 44.1%; remission: 30.9% vs 25.4%, respectively).
HAQ-DI and SF-36 benefits were maintained throughout the second year. Improvements in sleep and fatigue were also noted with abatacept. Fatigue scores, measured on a 100-point visual analog scale, dropped by approximately 30 points (a 10-point decrease is felt to be clinical meaningful). Interestingly, those who began active treatment at 12 months eventually attained improvements in physical function, quality of life, sleep, and fatigue comparable to the original abatacept group treated for a full 2 years. Two-year x-ray data were available from 87% of patients enrolled in the extension study and 72% of all patients involved in the initial randomization. 63 The progression rate in the total Genant-modified Sharp score in the group who received 2 years of abatacept was reduced by an additional 57% during the second year (0.46) compared with the first (1.07). After 2 years, the total score increased 1.55 units from baseline in this group, whereas the group who received a year of placebo followed by 1 year of abatacept saw an increase of 3.17 units. A benefit was noted in both erosion and joint space narrowing scores. Only 21% of patients who had no progression at 1-year progressed during the second year in the abatacept arm. Of the patients randomized to abatacept who did show radiographic progression during the first year, 45% had no further progression during the second. Finally, 53% of the original placebo arm who had progressed at 1 year had no progression after being given abatacept for the next year.
The types and rates of AEs were similar among the first and second years of treatment with abatacept. 64 The serious infection rate held stable at approximately 4 per 100 patient-years. The percentage of patients who discontinued abatacept at some point within the double-blind and extension periods due to AEs, serious AEs (SAEs), and infections were 6.4%, 4.0%, and 1.2%, respectively. Basal cell skin cancer developed in 6 patients and 2 patients each developed lung cancer and lymphoma. The paper did not differentiate between the original 2 groups when reporting the 2-year safety data since all had received abatacept by that point.
ATTeST
The results from Abatacept or infliximab vs placebo, a Trial for Tolerability, Efficacy and Safety in Treating rheumatoid arthritis (ATTEST) were reported by Schiff et al in 2008. 65 Patients without prior biologic DMARD exposure who had active disease despite at least 3 months of MTX 15 mg/week were randomized in a 3:3:2 ratio to abatacept 10 mg/kg every 4 weeks, infliximab 3 mg/kg every 8 weeks, or placebo in a double-blind, double-dummy fashion for 6 months. At 6 months patients randomized to receive placebo were given abatacept for the remaining 6 months of the study. After 6 months, other oral DMARDs could be added and MTX and glucocorticoid doses could be adjusted. The dose of infliximab could not be escalated to maintain or increase efficacy, which would be common in clinical practice.
The primary outcome was the reduction in DAS28 with abatacept compared with placebo at 6 months. There were numerous secondary and even tertiary outcomes, some of which compared the efficacy and safety of abatacept with infliximab. It is important to remember, however, that this study was not powered to compare the 2 active treatment arms with regards to superiority or non-inferiority.
A total of 431 patients were randomized and treated ( Table 1 ). The reduction in DAS28 at day 197 was significantly greater with abatacept vs placebo (-2.53 vs -1.48, p  0.001). Figures 1 and 2 present the clinical efficacy data at 6 and 12 months. After 197 days, ACR response and remission rates were similar in the abatacept and infliximab Abatacept in management of rheumatoid arthritis Dovepress submit your manuscript | www.dovepress.com Dovepress groups, which were significantly greater than placebo. At one year, however, patients treated with abatacept achieved further gains while the response rates in the infliximab group remained stable compared with the 6 month results. All of the clinical outcomes were numerically greater with abatacept, however, for each of these comparisons the 95% CI were wide and overlapped in all but the ACR 20 and LDAS rates.
After 6 months, both treatment arms experienced statistically significant improvements from baseline compared Over the first 6 months the rates of AEs were surprisingly low in the abatacept group, in some measures even lower than the placebo group (Table 4) . Safety data at the end of 12 months were not reported for the initial placebo group even though they received abatacept from months 6 to 12. The 12-month safety data therefore compares the original abatacept and infliximab groups. The percentage of patients who developed SAEs, discontinuation due to SAEs and AEs, serious infections, and acute infusional events were all greater in the infliximab group than the abatacept group.
Abatacept efficacy and safety after an inadequate response to TNFis ATTAiN
Published by Genovese et al in 2005, the Abatacept Trial in Treatment of Anti-TNF Inadequate Responders (ATTAIN) was a 6-month, double-blind study that enrolled patients with active RA despite at least 3 months of infliximab and/ or etanercept who were also receiving an oral DMARD. 66 After a washout period (28 days for etanercept and 60 days for infliximab), baseline measurements were obtained from 391 patients who were then randomized in a 2:1 ratio to receive abatacept 10 mg/kg or placebo every 4 weeks. The background nonbiologic DMARDs were continued. The 2 primary endpoints were the proportion of patients with an ACR 20 response and the proportion with a HAQ improvement of at least 0.3 from baseline.
The rates of ACR 20 response rates were significantly higher in the abatacept group beginning at day 15 and progressively increased throughout the 6 months of the trial (Figure 3 ). Significantly more patients in the abatacept group had a clinically important improvement in the HAQ from baseline (47.3% vs 23.3%, p  0.001). Significant improvements in health-related quality of life were also evident after 6 months of abatacept. 67 There was a negative relationship between baseline DAS28 scores and improvement in quality of life with treatment. Those patients who began with high disease activity obtained less improvement than those with low disease activity at baseline.
The rates of AEs were similar among the groups (Table 3) , with 10.5% and 11.3% developing SAEs in the abatacept and placebo groups, respectively. Only 3.5% of patients treated with abatacept and 3.8% in the placebo group withdrew from the study due to AEs. None of the infusion reactions were felt to be severe.
ATTAiN 2-year extension study
Two-year efficacy and safety data were reported by Genovese et al in 2008. 68 An 18-month open-label, extension study was performed and included 317 of the 322 patients that completed the 6-month double-blind period (84.5% and 74.4% of the patients initially randomized to receive abatacept and placebo, respectively). All patients were treated with abatacept 10 mg/kg every 4 weeks in combination with background DMARDs with adjustments permitted based upon the discretion of the clinician. A total of 222 of the 317 patients (70%) were still participating in the study after the 18-month extension. Abatacept in management of rheumatoid arthritis Dovepress submit your manuscript | www.dovepress.com
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The ACR 20, 50, and 70 responses after 2 years were comparable regardless of whether patients were initially randomized to receive abatacept or placebo (56.2% vs 51.5%, 33.2% vs 32.3%, and 16.1% vs 13.1%, respectively). The mean change in DAS28 from baseline, which was -1.99 after 6 months, further improved to -2.66 by 24 months. The improvements in quality of life and physical function seen in the abatacept group at 6 months persisted throughout the longterm extension study. Those patients given placebo initially but who received abatacept for the final 18 months obtained clinically meaningful SF-36 and HAQ-DI responses as well.
The frequency of AEs and SAEs was similar to those reported at 6 months. Twenty-five patients (7%) developed serious infections at a rate of 5 per 100 patient-years. There were no unexpected opportunistic infections. The reported malignancies included 5 non-melanomatous skin cancers, 2 cases of thyroid cancer/neoplasm, as well as a case each of T-cell lymphoma, breast cancer, ovarian cancer, prostate cancer, and uterine cancer.
ASSURe
Weinblatt et al reported the results from the Abatacept Study of Safety in Use with other RA Therapies (ASSURE) in 2006. 69 Enrolled patients had RA that was active enough to warrant additional therapy as judged by the investigator despite 3 months of treatment with biologic and/or nonbiologic DMARDs. Those who were eligible were randomized in a 2:1 fashion to receive either abatacept 10 mg/kg or placebo as an iv infusion every 4 weeks for 1 year in addition to the background DMARDs already being taken. After the initial 12-month double-blind period, patients were allowed to enter an open-label extension during which all patients received abatacept 10 mg/kg every month. During the first 3 months, dosage adjustments of the concomitant background agents were only allowed in cases of toxicity. Beyond 3 months, however, biologic and nonbiologic DMARDs could be stopped, added, or undergo dosage changes.
The primary objective was to evaluate the safety of the addition of abatacept to background agents and specifically included patients with comorbid conditions in the analysis (stable congestive heart failure (CHF), asthma, chronic obstructive pulmonary disease (COPD), and diabetes). Exploratory secondary outcomes included the HAQ-DI, as well as visual analogue scale (VAS) scores of patient's global assessment of disease activity, patient's global assessment of pain, and physician's global assessment of disease activity.
A total of 1441 patients received at least one infusion, and 87% and 82% of the abatacept and placebo arms, respectively, completed the study (Table 1) . Approximately 7% of Dovepress the study population had diabetes, 6% had asthma, 4% had COPD, and 1% to 2% had CHF. At the time of randomization 167 patients were receiving biological DMARDs and accounted for 10.7% and 13.3% of the abatacept and placebo groups, respectively. Etanercept was the baseline biologic agent for nearly two-thirds of this subgroup, with infliximab, adalimumab, and anakinra each accounting for about 10% to 20% of the remainder. The mean changes from baseline in patient-and physicianreported outcomes were significantly better in the groups receiving abatacept. Similarly, abatacept treatment resulted in greater mean changes in physical function (HAQ-DI). Although this trial was not designed to compare efficacy between groups, post hoc analyses revealed that the group receiving abatacept with nonbiologic DMARDs had greater improvements than the subgroup receiving combination biologic therapy.
The overall incidences of AEs were similar in the groups not treated with the combination biologic regimen (Table 5 ). In the patients on a background of nonbiologic DMARDs, the subgroup taking leflunomide in addition to abatacept (12% to 14% of the nonbiologic population), was reported to have a higher frequency of SAEs (23.6% vs 15.3%). There was no apparent trend in the specific type of AE noted. Importantly, the subgroup receiving combination biologic therapy discontinued therapy due to AEs and SAEs more frequently and developed a greater percentage of SAEs, serious infections, neoplasms (Table 5) . Lung cancer developed in 3 patients treated with abatacept compared with none in the placebo group.
The analysis of comorbid conditions revealed that patients with COPD who received abatacept had higher rates of respiratory system AEs (43.2% vs 23.5%) and SAEs (27% vs 5.9%). The AE rates were similar among the diabetic and nondiabetic populations but could not be assessed in the CHF and asthma populations due to low numbers of patients.
Phase iib trial with combination therapy
The results from a IIb trial designed to evaluate the efficacy of the combination of abatacept and etanercept were published by Weinblatt et al in 2007. Eligible patients must have had at least 8 swollen joints and at least 10 tender joints despite at least 3 months of etanercept 25 mg, twice weekly. During the initial double-blind 6-month period, patients were randomized in a 2:1 ratio to receive abatacept 2 mg/kg (note the lower dose) or placebo every 4 weeks in addition to etanercept 25 mg twice weekly. Stable doses of prednisone under 10 mg per day were allowed, but all other DMARDs were discontinued before randomization. After 6 months oral DMARDs and prednisone (up to 10 mg per day) could be added and changed at the discretion of the investigator.
The primary outcome was an ACR 20 response after 6 months, which was modified to exclude CRP due to difficulty enrolling patients with elevated CRP levels while on etanercept. At the end of 1 year, patients could then enroll in an open-label long-term extension study in which all patients received abatacept 10 mg/kg (note the typical dosing) in addition to etanercept.
A total of 121 patients were randomized, but only 80 (66%) completed the double-blind period. Those who discontinued treatment due to inefficacy were considered nonresponders, and those who withdrew due to other reasons had their last observations carried forward. The baseline characteristics were similar among the 2 groups with an average disease duration of approximately 13 years (Table 1) .
At 6 months, modified ACR 20 and 50 response rates were not significantly different among abatacept + etanerceptand placebo + etanercept-treated patients (48.2% vs 30.6%, p = 0.072 and 25.9% vs 19.4%, p = 0.448, respectively), but patients on combination therapy were more likely to achieve modified ACR 70 responses (10.6% vs 0%, p = 0.042). All ACR responses after 1 year were comparable between the groups, however. 
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All 80 of the patients completing the double-blind period entered the long-term extension portion of the study and received abatacept 10 mg/kg in addition to etanercept. Less than 30 patients from each group continued this combination for an additional 2 years, however. The modified ACR 20, 50, and 70 response rates were numerically higher at the end of the first year of the open-label extension when all patients were taking abatacept 10 mg/kg and etanercept compared with the ACR responses at the end of the initial double-blind period. Low numbers of patients made the analysis after the third year difficult, but the ACR responses seemed to be maintained.
At 1 year, the group treated with combination therapy had higher frequencies of AEs, SAEs, and discontinuations due to AEs (Table 6 ). The long-term extension period revealed similar rates of AEs, highlighted by the high number of "respiratory, thoracic, and mediastinal disorders" and 10% of patients stopping therapy due to AEs.
The low dose of abatacept used during the double-blind period of this study may have played a role in the lackluster efficacy results. Additionally, due to a shortage of etanercept, the initial patient enrollment had to be cut short and reduced the statistical power of the study. That being said, this study showed limited clinical efficacy as well as a worrisome increase in SAEs when treating patients with the combination of abatacept and etanercept.
Abatacept efficacy and safety without prior MTX or TNFi exposure AGRee
The previous trials enrolled patients with long-standing RA (mean disease duration 7-13 years). Recently, Westhovens et al conducted the first study of abatacept in patients with early RA. 12 Abatacept study to Gauge Remission and joint damage progression in MTX naïve patients with Early Erosive RA (AGREE) is a 2-year, double-blind study that enrolled patients with less than 2 years of disease without MTX exposure (10 mg/week for 3). All patients had to be seropositive (RF and/or anti-CCP2 antibodies) and have evidence of erosive disease within the hands, wrists, or feet. Eligible patients were randomized to receive placebo plus MTX (increased up to 20 mg/wk) or abatacept 10 mg/kg plus MTX for 12-months before an open-label 12 month extension. The co-primary endpoints of the study were remission (DAS28  2.6) and Genant-modified Sharp total score.
The study population of 509 patients was predominantly South American (40.3%) and European (36.0%) and had a mean disease duration of 6.5 months (Table 1) . A statistically significant difference in remission rates was found by day 57, and after 1 year 41.4% of abatacept-treated patients were in remission compared with 23.3% in the placebo group (Figure 4) . The change from baseline in total Genant-modified Sharp scores and erosion scores were significantly lower for abatacept, while minimal joint space narrowing progression was noted in both groups. The proportion of patients with no radiographic progression was 61.2% and 52.9% in the abatacept and placebo-treated patients, respectively (difference 8.3%, 95% CI -1.0, 17.5). A total of 71.9% of abatacept-treated patients had clinically important increases in the HAQ-DI compared with 62.1% in the placebo arm (p = 0.024). Significantly greater improvements in both the physical and mental components of the SF-36 were also found after treatment with abatacept versus placebo. 
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Adverse events were comparable between the abatacept and placebo arms with SAEs, serious infections, and discontinuations due to SAEs occurring in 7.8% vs 7.9%, 2.0% vs 2.0%, and 1.2% vs 1.2%, respectively. Acute infusional events were more common with abatacept (6.3% vs 2.0%). All were graded as mild to moderate intensity with the exception of one case of severe urticaria. The only malignancy reported was a case of pancreatic cancer in a patient being treated with abatacept.
Abatacept safety and tolerability
Common reactions
The most common adverse reactions reported in the controlled trials were headaches, upper respiratory tract infections, nasopharyngitis, nausea, and infusion reactions (Table 3 ). Often the rates were similar to that seen with placebo. Anaphylaxis or anaphylactoid reactions were reported in only 2 of 2688 patients in the clinical trials. 46 Hypersensitivity reactions involving hypotension, urticaria, and dyspnea were rare, with each occurring in less than 0.9% of patients. 46 In ATTEST, there was a higher rate of infusion reactions in those receiving infliximab than abatacept (Table 4) .
infections
In the placebo-controlled trials, 54% of abatacept-treated patients developed infections compared with 48% treated with placebo. 46 The vast majority of these were upper respiratory tract infections, sinusitis, urinary tract infections, and bronchitis. With regards to serious infections, an analysis of 4150 patients treated for over 10,000 person-years during the double-blind periods from 8 clinical trials reported rates of hospitalization for infection at 3.05 per 100 person-years for abatacept and 2.15 per 100 person-years for placebo. 70 The incidence rate appears to be stable over time and does not increase with increasing exposure to abatacept. A metaanalysis of 5 abatacept trials involving 1960 patients did not find an increased risk of serious infections with a pooled odds ratio of 1.35 (95% CI 0.78, 2.32). 71 Patients with COPD appear to be especially prone to developing AEs. The package insert specifically recommends using caution when considering abatacept in a patient with COPD. 46 Most studies in RA do not report safety results for individual comorbidities, however this was part of the primary outcome of interest in ASSURE. 69 Of the 37 COPD patients enrolled in the trial, 43.2% of those treated with abatacept experienced AEs involving the respiratory system, Abatacept in management of rheumatoid arthritis Dovepress submit your manuscript | www.dovepress.com Dovepress compared with 23.5% receiving placebo. The overall rates of infections were similar among the groups, but SAEs were more common with abatacept (27% vs 5.9%). Over 10% of abatacept-treated patients developed SAEs involving the respiratory tract compared with none on placebo.
A major concern with the TNFIs has been the potential for opportunistic infections, especially with regards to the reactivation of latent tuberculosis (TB). While it is recommended that a tuberculin skin test (TST) is placed prior to starting abatacept, 72 to date, TB reactivation has not been an issue. In the controlled trials listed above, all patients were screened with a TST prior to enrolling. Only 2 patients developed TB during the double-blind periods, with an abatacept-treated patient having a lymph node being "compatible with possible TB" and another in the placebo arm with "unconfirmed TB". 62 The rate of TB is estimated at approximately 0.06 cases per 100 person-years, mostly accounted for by patients from areas where TB is endemic. 70 Furthermore, in a mouse model of chronic TB infection, abatacept at doses of approximately 20 mg/kg did not impair the ability of mice to control the infection. 73 Abatacept-treated mice showed no difference in mycobacterial burden, histological features, or the numbers of CD4
+ , CD8 + , or activated T cells, whereas all of the mice treated with a TNF antibody died within 9 weeks.
Malignancy
Compared with multiple external RA cohorts, similar rates of malignancy were reported for abatacept-treated patients after 10,000 patient-years of exposure. 74 The incidence rate for malignancy, excluding non-melanomatous skin cancers, is 0.71 cases per 100 patient-years, which is similar to the selected RA cohorts. During the double-blind period of the trials lung cancers were diagnosed more often in the abatacept arms. The cumulative exposure data estimated an incidence of 0.16 per 100 patient-years. A total of 17 cases were observed, which is within the expected range (9 to 26) based upon the external RA cohorts. In ASSURE, 3 cases of lung cancer developed, with 2 occurring in smokers within 100 days of starting abatacept. 69 The lymphoma rate is greater than the general population but is also reported to be within the expected range for an RA population, whereas colorectal and breast cancers were observed less frequently than what would be expected. 74 
Tolerability
Overall, abatacept 10 mg/kg was very well tolerated in the clinical trials with a retention rate of 87% through the first year of treatment compared to 79% with placebo. 61, 62, 65, 69 Discontinuation rates due to AEs are approximately 6% for abatacept and 4% for placebo. 46 
Immunogenicity and immunizations
Biologic agents have the potential to be immunogenic, [75] [76] [77] which possibly account for efficacy and safety differences. Although studies have reported conflicting data, 78-81 a potential mechanism for the loss of efficacy in patients on the TNFIs involves the development of antibodies against a portion of the drug. Many patients also develop ANA and/or dsDNA positivity while on TNFIs, though most do not have clinical features of a lupus-like syndrome. Because of this, the immunogenicity of abatacept and rates of autoimmune symptoms and disorders have been followed closely in most of the trials.
The maker of abatacept published data on the drug's immunogenicity after studying serum samples from 2237 patients involved in the phase II and III trials. 82 Depending upon the sensitivity of the assay used, approximately 3% of patients demonstrated an antibody response to either the whole abatacept molecule (2.1%) or to the CTLA-4 portion (1.0%). The package insert quotes a 1.7% incidence of antibody formation in clinical trials. 46 In the phase III trials patients who discontinued therapy were more likely to have developed antibodies compared with those who did not discontinue therapy (7.4% vs 2.6%, respectively) although there was no clear association with reduced efficacy or increased AEs. The small number of antibody-positive patients limited the analysis. Contrary to what has been shown in the trials with the TNF inhibitors, the development of antibodies was not prevented with the concomitant administration of MTX and no patients on abatacept monotherapy demonstrated immunogenicity.
An abstract from the 2008 ACR meeting from the maker of abatacept reported an analysis of "autoimmune" AEs. 83 A total of 4150 patients were exposed to abatacept with mean exposure of 30.4 months (10,365 total person-years). A total of 161 autoimmune AEs were reported (1.59 per 100 patientyears). Psoriasis was the most commonly reported, with a rate of 0.53 per 100 patient-years during the double-blind period of the clinical trials compared with no patients receiving placebo. The rate did not increase with increasing exposure, and in the majority of cases psoriasis was a pre-existing condition that flared rather than developed during the trial. The analysis of cumulative abatacept exposure revealed low rates of Sjögren's syndrome (0.19 per 100 patient-years), SLE (0.05 per 100 patient-years), and a lupus-like syndrome (0.01 per 100 patient-years). A single case of MS was reported, but 
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this was felt to be a pre-existing condition and unrelated to abatacept. In ATTEST, the development of anti-nuclear or anti-DNA antibodies after 1 year of treatment in patients who tested negative at baseline was 6.5 and 2.4%, respectively, with abatacept and 47.7 and 47.7% with infliximab. 84 This finding did not translate into an increased rate of autoimmune events for either group, however.
The affect of abatacept on the antibody response to immunizations is uncertain. In a murine model, CTLA4Ig administration blocked the antibody response to a soluble protein neoantigen, especially when given within 2 days of the immunization. 85 Responses to secondary immunization were also suppressed although not to the degree seen with the primary immunization. Administration of the 23-valent pneumococcal and tetanus toxoid vaccines to healthy volunteers 2 weeks after receiving a single dose of abatacept resulted in decreased antibody titers, although at least 60% still had a positive response to tetanus and over 70% responded to at least 3 pneumococcal serotypes 86 Lower percentages were reported from 21 patients in the Abatacept Researched in Rheumatoid arthritis patients with an Inadequate anti-TNF response to Validate Effectiveness (ARRIVE) trial with 81% mounting a response to at least 1 serotype and 48% to 3 or more. 87 These patients were also treated with MTX, which has been associated with lower response rates to pneumococcal vaccination. 88, 89 Finally, another subanalysis of 20 patients from ARRIVE who had been on abatacept for at least 3 months examined whether trivalent influenza vaccination 7 days prior to a dose of abatacept led to fourfold increase in antibody titers relative to baseline. 90 A total of 15 patients (75%) had positive responses to at least 1 strain and 50% responded to 2 or 3 strains.
Overall, the immunogenicity of abatacept appears to be low. Whether the development of antibodies directed against the whole molecule or against the CTLA-4 portion result in efficacy, tolerability, or safety issues remains to be confirmed. Abatacept likely has an effect on the antibody response to immunization, but it is not clear at this time whether this translates into a clinically significant reduction in protection rates. The Centers for Disease Control and Prevention recommend consideration of pneumococcal and influenza vaccinations for patients with chronic illnesses as well as those who are immunosuppressed. 91 The ACR has published similar recommendations for RA patients on biologic DMARDs.
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Abatacept in the management of RA This is an exciting time in the management of RA, with multiple DMARDs available for use and many new biologic agents being developed and studied. The prospect of reaching a state of disease remission is now possible. However, many patients will have inadequate responses to the currently approved therapies. Abatacept has filled a gap for many patients with contraindications to or inadequate responses with the TNFIs. Multiple randomized clinical trials have demonstrated clinical improvement for patients refractory to MTX and TNFIs as well as those with early RA who are MTX-naïve. This benefit is not only with ACR and DAS28 responses, but also patient-reported outcomes such as healthrelated quality of life and physical function. Trials involving patients refractory to MTX and MTX-naïve patients with early seropositive, erosive RA have reported slowed radiographic progression. While no head-to-head trials have been specifically designed and powered to compare abatacept with another available biologic agent, it appears to be a safe and effective alternative. In the ATTEST study, which was not powered to detect a difference between the 2 active treatment arms but was randomized and blinded, abatacept was at least as efficacious as low-dose infliximab after 1 year and appeared to be better tolerated.
As with the other biologic DMARDs, the cost of abatacept is much greater than that of MTX. Based upon a model assuming many variables, the cost-effectiveness of abatacept in patients with inadequate responses to MTX (AIM) was estimated to be US$47,910 per qualityadjusted life-year (QALY) gained over a 10-year period, and US$43,041 per QALY over a lifetime. 92 For those with inadequate responses to TNFIs (ATTAIN) 10-year and lifetime estimates are US$50,576 and US$45,979 per QALY gained, respectively. 93 Each study assumed that those who do not respond to abatacept would be managed only on nonbiologic DMARDs, not alternative biologic agents. These cost estimates are comparable with those reported with infliximab and etanercept. 92 As opposed to infliximab and rituximab, abatacept is FDA-approved for use with or without concomitant nonbiologic DMARDs (the EMEA requires concomitant MTX). Studies involving the TNFIs, however, have shown that outcomes are improved when used in combination with MTX rather than as monotherapy.
9,94 Similar trials have not been performed with abatacept. In fact, with the exception of the pilot study, all of the clinical trials used MTX in combination with abatacept in the active treatment arms (ATTAIN required a background DMARD, which was MTX in 75% to 80% of patients). The addition of MTX for patients on abatacept should be strongly considered unless there is a contraindication or intolerance. 
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Although there is variability among patients, clinical experience has shown that the time to response is probably longer after starting abatacept than after starting a TNFI. ATTEST did seem to support this, although the difference was not dramatic (10% to 15% more ACR 20 responders with infliximab at months 1 and 2 but no difference by month 3). 65 Response rates have been reported to continue to increase over time, up to 2 years in some patients. The abatacepttreated patients in ATTEST were more likely to achieve good EULAR responses and remission after 12 months compared with 6 months. 65 In AIM the clinical signs and symptoms continued to improve over the treatment course, with greater ACR responses at 12 months than at 6 months and higher remission rates at 24 months than 12 months. 62, 64 However, if "no meaningful improvement" is noted after 16 weeks of abatacept, a consensus group has recommended re-evaluation of its continued use. 95 The clinical significance of delaying abatacept for 12 months in the AIM trial and having an increase of 1.62 units in the total Genant-modified Sharp score after 2 years is uncertain. Either way, it is encouraging that HAQ and SF-36 scores are comparable after 2 years regardless of the initial treatment group, suggesting that function is not lost to an appreciable degree by delaying abatacept in patients with long-standing RA who have had inadequate responses to MTX. Extended follow-up will help clarify if the difference in radiographic progression continues or increases and eventually results in a clinically important loss of function. The results from the second year of the AGREE trial will address whether the same is true for patients with early seropositive, erosive RA or if these patients are best managed with early abatacept.
Due to the apparent additive toxicity in the studies combining abatacept with a TNFI, 69, 96 the optimal timing regarding the initiation of abatacept after a TNFI is uncertain. In ATTAIN, which enrolled patients with prior exposure to the anti-TNF agents, all patients underwent a wash-out period before receiving abatacept. A subanalysis from ARRIVE showed similar safety regardless of whether patients waited 2 months before starting abatacept or simply started it when the next TNFI dose was scheduled to be given. 97 Although this study did not differentiate among the different TNFIs, it does provide some reassurance that abatacept can be given safely soon after switching agents and a consensus group has issued recommendations supporting this. 95 Patients undergoing a transition among biologic agents should be monitored closely for signs of infection, however. 
Where abatacept fits into the management of RA must be taken on a case-by-case basis and incorporates the comfort of the patient and treating rheumatologist with its dosing and safety profiles (Table 7) . Studies have not been done to identify particular patients who may have better outcomes with abatacept or a TNFI as the initial biologic agent. We also have no data from controlled trials to guide the decision regarding the best agent to use after a TNFI. Abatacept has been approved in the US for use as a first-line biologic agent after an inadequate response to a nonbiologic DMARD; however, many rheumatologists would still use the TNFIs initially and reserve abatacept for subsequent inadequate responses or intolerance. 26, 34 At this point the TNFIs have a much longer track record, which is reassuring for both efficacy and safety. However, the very low rates of immunogenicity, serious infections, opportunistic infections, and infusion reactions with abatacept are encouraging. The ability to self-administer abatacept subcutaneously is currently being studied and, assuming similar efficacy, would likely make it a more attractive option for use as an initial or second biologic agent. Continued surveillance and postmarketing studies will provide a clearer understanding of the risk to benefit ratio of abatacept and enable us to better define its role in the management of RA.
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